This paper aims to present the preliminary results of power losses due to the trapping and squeezing of an incompressible fluid between teeth spaces in geared transmissions during the meshing phase. When the operating speeds are very high, these losses become important and jet lubrication is used. Since this type of losses involves complex hydrodynamic phenomena that are difficult to describe in analytical formulations, a new approximate numerical model to predict power
Introduction
When the operating gear speeds are relatively high, expression trapping loss is used to talk about the amount of the transmitted power to the fluid which is surrounded and pressed into the inter-tooth gear spaces during the engagement phase. The term "trapping" is used in several documents especially in a large number of "U.S. Patent Office" since the 30s and 40s of the last century as [1] and [2] . Moreover, this word is used by many authors [3, 4, 5, 6, and 7] . The term squeezing subscripts fluid pressed in outlet to the inter tooth "The amount of the ejected fluid by the teeth…" and is used by [8, 9] . Other authors as Petry and al [10] used combination of "trapping and squeezing".
In general the study of the power losses in geared transmissions consists of losses linked to gears and to other elements of the machine as those related to rolling bearings for example. In this study, the power losses due to high speed gears of an incompressible fluid are treated. Most of the previous studies on this subject divided the power losses in load-dependent losses and load-independent losses [11] . Some studies have considered that trapped losses only become considerable in high rotational speed [6, 7] and others have considered them as a component of the windage or ventilation power losses [8, 9] .
The fluid structure interactions are created by the hollow and teeth overlap in contact with the lubricating fluid and the ambient air during the meshing of a pinion and a wheel. Power losses might therefore be related to the inter-teeth trapped fluid compression, by ventilation or by aerodynamic effect. Hence, the importance of knowing the axial and radial leakage evolution during the hollows and teeth engagement Although the axial leakage determination in function of time or the rotational speed is a complex problem, many researches like [8, 9, 12, 13] , were done to treat the problem by the axial discharge surfaces determination. As at any meshing time, to fully know the trapped fluid volume and the leakage surfaces is very important, a program that uses the gear basics kinematics for numerically calculation of the leakage surfaces was developed for the involutes profile gears [14] .
Then, the use of this program with the simplifying assumptions allows Pressure estimation of the trapped and squeezed oil 5319 studying a complex problem as a simple model and leads to the pressure estimation. To fulfill this goal, we'll first present the control volume and leakage surface calculation program, then we'll calculate the pressure and discuss the conception parameters such as module, pressure angle…and the operational parameters such as the rotational speed on the pressure variation.
The calculation program presentation
The The toothed wheels geometrical data, the teeth cutting tools characteristics and the parametric equations of the involutes profile gears were used to elaborate the program [14] from which the leakage surfaces variation plotting results were compared to these published by Diab and al [6] 
The meshing time
To determine the meshing time, the leakage surfaces will be expressed in both a time interval and the engagement angle which is the angle that covers a pinion hollow and a wheel tooth during the engagement phase and obtained by the intersection of two top circles in function of their radius and center distance a. The geometric characteristics of the wheels allow calculating the meshing starting points (Pe):
The meshing time is given by: T = 2*tan −1 (- ) and Ѳ min= -Ѳ max.
The leakage surfaces
As To define S r1 and S r2 the radial leakage surfaces fig 4; the wheels width are multiplied by the shortest distances between every side tooth and hollow profile of spur gears. These axial leakage surfaces are bounded by a tooth profile part and a hollow part for which the profile is numerically known. Since these limits form a polygon, a numerical integration can be used to determine these surfaces therefore the trapped fluid volume is obtained by multiplying the wheels thickness by the axial leakage surface. 
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The system can be exchanged for the energy in the form of contact forces and heat energy. Matter transfer (the control volume mass variation which is taken positive when entering the system or negative when coming from the system) Between time t and t+dt, the energy equation of an open system can be written:
With : Heat exchange, : The moving walls required work to let the masses dmi enter or exit the system and : Matter specific energy. The first law of thermodynamics for an open system is written:
H i : is the enthalpy function, E ci : Kinetic energy and E pi : Potentiel energy Assuming that, between the instants t and t + dt incompressible fluid is inviscid and the flow is steady, without heat exchange.
Under these conditions, we can write the Bernoulli equation: This analogy raises some constraints among which the contact surfaces variation between the movable structure and the fluid along the surface of the fluid outlet.
As for each time increment the structures surfaces which are in contact with the fluid and its leakage surfaces have been calculated, these surfaces can be exploited for this approach. For each time increment, the surface of the tooth in contact with the fluid is taken as the surface of the piston (Sp). Also for the outer area the sum of the radial and axial leakage areas are given to the piston. In fig.  6-a) the found values are given.
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 For a given increment, it is assumed:  The piston surfaces and the fluid exit surface are fixed.  When exiting the system, the fluid pressure is equal to the atmospheric pressure.  The pressure around the piston is calculated  The value of = 0.9 kg/l During the compression phase, the Bernoulli equation can be applied while during the depression it is the ambient air entering the inter teeth space at high speed so that we can suppose that in calculation there will be equilibrium with the atmospheric pressure taken as reference and equal to zero. The speed of the piston is calculated as follows: Knowing the released volume (dv) and the piston section Sp dl =dv/Sp The piston speed depends on the pinion rotational speed and the teeth geometry. ∆ = T / Nps T: the meshing time and Nps: number of equal angles Δθ
The value of the piston speed estimation is = ∆ in m/s.
Results presentation
For an outer gear 1 and gear 2 rotating at 5000 rpm, the variation of the pressure in function of the rotational angle is given on fig.7 On the figure (Fig. 7 -b) is shown the comparison in terms of pressure for gear1 and gear 2.
Influence of the design parameters and operating conditions on pressure
7-1/ Thickness influence on the pressure at constant speed.
For gear 2 with a speed of 5000 rpm, we plotted the curves of the pressure for the following thicknesses: b= 30 mm, b=60 mm, b= 100 mm ( fig. 8-a) . We remark that as the toothed wheel thickness is large so is the pressure.
7-2/ Module influence on the pressure at constant speed
By varying the module (m= 5, 7.5 et 10) for gear 2 rotating at 5000 rpm and with a thickness of 0.1m the pressure variation in function of the rotational speed is given by fig.8-b ). We also note that when the module is not large the pressure is important.
7-3/ Speed influence on the pressure.
Similarly, by varying the rotational speed (of 3000, 5000 and 10000 rpm) for gear1 with a thickness of 0.1m and the module m=5, the variation of the pressure in function of the rotational angle is given by the figure (fig. 8-c) . We also remark as the pinion speed is high so is the pressure. 
Conclusion
The present work aimed to study a numerical modeling in inner and outer gears in geared transmission. A program was developed to simulate the meshing, to identify the trapped fluid with its free boundaries and these in contact with the teeth material. A simple model based on the analogy of what occurs between teeth space during the engagement between a pinion and a wheel with what happens during a fluid compression in a piston has also been developed in order to calculate the pressure variation in function of the rotational angle. The influence of some toothed wheels conception and operating parameters like the module, thickness and rotational speed on the trapped fluid pressure has been presented. Besides, we have shown that the meshing time and the trapped fluid are clearly influenced by the rotational speed as an operating parameter.
Thus, during the conception phase and when choosing high speed gears the designer might take the operating and conception parameters into consideration. This study may also be used to ameliorate the cooling and the lubricating efficiency in the geared transmissions. 
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